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Preface

California’s ability to preserve current levels of access to its system of public
higher education is thiéatened by increasing enrollments, pressures on the state
budget, and the increasing costs of higher education. This study addresses the
conditions urider which Califorriia can preserve access over the next two decades.
The study uses a new approach to decision making under uncertainty, called
exploratory modeling, that combines traditional quantiative forecasting
techniques with the irisights from scenario-planhing.

This effort is one elément of a larger program performed by RAND's
Institute for Education and Training (IET) to study issues of direct relevance to
Califorria’s higher education system. As such, this work should be of interest to
California policyrhakers dealing with higher education within the state, as well
as to policymakers in other states who may be facing issues similar to those

!

confronting Califotnia.

This program has been supported by the California Higher Education
Roundtable, which includes leaders from the California Community Colleges,
California State Uriversity, University of California, and California private
universities. This work has benefitted greatly from the direction and data
obtained from these representatives, as well as from the California Postsecondary
Education Commission.
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Summary

Fot over thirty yedrs; California’s system of public higher education has led
the nation in providing a college education to all citizehs who could benefit from
it. This policy has helped California generate great wealth and social mobility. In
the emeérging infofiation economy, widespread higher education is more
important thari ever.

Several trends; however, suggest that California’s ability to maintain, much
less increase, high levels of college-education may be at risk. First, with the
state’s growing population, many more studerits will seek access to higher
education. This “Tidal Wave II” could be as large as a million additional
students. Second, the fraction of state resources devoted to higher education has
been dropping in recént years because of growing demands on the state budget
that compete with education, such as corrections, health, and welfare. Without a
significant change in priorities, it is likely that funding for higher education will
continueé to be limited. Third, the costs of higher education have been rising
faster than inflation over the last thirty years. While other sectors of the
economy have alsé seen such rising costs, the higher education sector has not
shown a significarit 6ffsétting increase in productivity.

The challenge for policymakers is to assure access to California higher
education in the face of these trends. The problem is complicated by the fact that
each of these trends is uncertain. No one knows precisely how many students
will seek access to high'e'r education, nor what funds will be available from the
state, nor which productivity improvements are possible or desirable in higher
education. A nuniber of studies have assessed these trends and recommended
actions state policymakers should take. These studies take the traditional
approach of basing their recommendations on a single best estimate of each of
these trends, essenitidlly ignoring much of the uncertainty about the future.

When uncertaintiés are large, however, projections of the future are often

" wrdng. Policies based on best estimates can fail if the future turns out differently
than expected. In addition, decision makers can spend too much time debating
the most likely future tather than developing flexible, robust strategies that can
take advantage of foftuitdus opportunities and avoid unexpected difficulties.



This study usés & feW approach to make a quantitative assessment of the
various trends facing Califoriia higher education arid to suggest the implications
they have for curréiit policy €hivices. Our approach combines two previously
distinct strarids of stratégié planining methodology. The traditional forecasting
techniqiiés eimiployéd ii ost stidies of California higher education use
sophisticated models afid available data to project likely trends. These
approaches provide mii€H Fig6t but have difficulty coping with the uncertainty
inherent in most de¢igions: Recently, many public and private sector
organizations hHave begin t6 lise scenaric-planning techniques that help decision
makers bring uriceftdifity iiit6 their plahning and help different stakeholders
agree ofi a framewttk fér digéiission. However, scenario-plarining as currently
practiced cantiot maké #igé 6f available quantitative information.

Ourt new approach; ¢alléd exploratory modeling, exploits new computer
capabilities to embéd gilarititative forecasting into scenario-plarining. Using this
approach, we exaniiité hw the interrelationship of key trends—growing
demarid for higher ediléatiohy, ihcreasing competition for state revenues, and
potential productivity {Hiproveents—may affect the future of California higher
education. We usé ébipitiet simulation models and data similar to those used
by other studies: Rathér Hiah projecting the most likely trends, however, we
examine a large nufibér of plaiisible scenarios for the future: We make visual
representations of tH8sé seéfiatios and use these “landscapes of plausible futures”
to clarify key uncertaifities facing decision makers, to provide a framework that
can be used by the différétit stakeholders to debate differing views of the future,
and to compare the éffécts of different policy choices.

While it triay $&éfi thit abanidoning a best estimate for a large set of
plausible futures coriplicatés the decisiori-making problem, it actually provides
real and very useful ififérihiatiori. Perhaps surprisingly, when we trade the
questiori “What is #iést likely t6 happen in the future?” for “Which policy
choice deals best with the fiééitainty we face?” the complexity posed by an
unpredictable future 6ftéit falls away and reveals a small set of clear choices.

In this study, wé show that two trends dominate the question of future
access to California Higher education: future state funding and feasible
improvetnents in prodiictivity. We find that

S
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o If the fractioh of the state general fund allocated to higher éducation
remains at curfent levels or increases (breaking a twenty-year downward
trend) and if productivity increases at faster than historic rates, Califorhia
will avoid setious access deficits. If either of these fails to occur,
however, California could face large access deficits.

e If the fraction of the state general fund allocated to higher eéducation
remains at tHe ciirrent level, California can maintain access only by
achieving produictivity iricreases that are very large relative to historical
rates of improvement. At present, it is not known whether such
productivity improvements are possible and, if they are, how to achieve
them.

 The above conclusions are largely insensitive to any plausible decisions
about changes in student fees or any plausible trends in future demand
for higher education.

The uncertaintiés related to the future of California higher education are
real and are a fundarhental part of the challenge facing policymakers. Large
uncertainties are not; however, a barrier to effective decision making. This study
suggests that a flexible, robust strategy for ensuring future access to California
higher education must pay close attention to two critical questions: Can the state
readjust its financial commitments in order to maintain current funding levels
for higher education? arid Cari the higher education system improve its
productivity significantly faster than it has over the last thirty years?
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1. Introduction

Over the last forty years the state of California has built an impressive
program of higher education. Anchored by its three-tiered public system,
higher education has made immense contributions to the state’s economy
and the widespread épportunity (however imperfect) that has characterized
California society. The state’s commitment to highér education was codified
in the 1960 Mastef Plan, which guaranteed that all individuals who could
benefit from 4 collegé education would receive one. But whatever higher
education has conttibuted to California in the past, it is likely to be even more
important over the next twenty years. In our evolving information
economy, a college degrée is one of the key determinants of economic success.
California’s economiy may be significantly poorer if the workforce does not
become increasingly c¢ollege educated. In addition, the state’s social cohesion
may suffer if restri¢ted access to higher education widens ihcome disparities
among different groiips in the state’s population.

Trends Affecting Higher Education

Several trends oVer the last twenty years suggest that California’s ability
to maintain, much less increase, high levels of college education may be in
danger:

e Demand for higher education, which has grown sevenfold in
California sincé World War II, is expected to continue growing over
the next two decades as the current bulge of students in the
elementary schools works its way through the system. This so-
called Tidal Wave II could be smaller or larger depending on
whether thé children of groups with traditionally low levels of
educationi, particularly recent Hispanic immigrants, attend college at
rates approaching those of whites and Asians.

o The perceritage of the state budget that supports higher education
has declined over the last twenty years as state spending on health,
welfare, arid corrections has increased dramatically. Public |



résistafice to iticredsed taxes has largely capped total state spending.
Tfu'.ié; State resoiirees per student in higher education have declined
over e 1ast decade and, without a significant change in state
speniding prioritiés, fiay continue to do so into the future.
théﬁfféi’iﬁy; federal ﬁinding for student loans and financial aid
has growh Sl6Wl 6ver recent years and may continue to do so
indef pressures to balance the federal budget.

¢ The eosté of highef education have risen consistently faster than
inflatioh ever tHé 1ast thirty years. For instance, the Higher
Eduication Price Ihdeéx (HEPI), which measures the real increase in
thie prices 6f the g66ds and services used by higher education
institutons; has Blitpaced the Consumer Price Index (CPI) by an
atinual average 6f otie full percentage point. In other sectors of the
econbitty, stich sustained imbalances in the cost of iriputs has led to
eithef large ¢hatigés in productivity, often with large organizational
changes; of decline.

There is wide agreéiréiit dbout these basic trends, but there is a broad
spectrum of opitiich a§ t8 how deleterious they will be for the future of
California highef edticatioii. For instance, the Research and Planning
Depattment at the Univeérsity 8f California predicts that state funding for
higher educatioh Will shew healihy growth over the next two decades, as the
state ecoriomy §i6ws afid ti8 fraction of state funding that goes to higher
education rémdifs eoristatit (Copperud and Geiser, 1996). Coriversely, Shires
(1996) of the Califernia Publie ﬁdlicy Institute of California predicts state
support for highér education will drop precipitously as increased state
spending on corréctibiis clits the fraction of the state general fund allocated to
higher educatioh ifi half: Sisilarly, there are many different projections of
the precise humniber of studéiits who will seek access to higher education.
Traditional Andiytic Approack

In the traditional approaeh; a policy study would assess edch of these
conflicting predictisns dnd decide which are the most likely future trends.
Based on this best estifiialé of the future, the study would recommend the
policies most likely to6 sti¢cééd: This traditional approach sometimes works
very well, but puliéies Baséd 6n one “best estimate” can fail if another future

-2- 9



comes to pass. Unfsrtuniately, decision makers and policy analysts, like most
people, have a strofig téidency to underéstimate their uncertainty about the
futute.! They focus Bh sorme single best éstimate often the one they think
most likely ot most siipportive of the case they wish to make.

The daﬁ‘gefs féf Cdﬁférm"a hig‘her education afe clear. Policies predicated
estimates of productiwty improvements could deny large numbers of
potential studerits 4 Higher education. However, policies predicated on
overly pessimistic as§umiptions could waste resources and disrupt lives,
overfixing institutiofid that are not broken. In addition, decision makers can
spend too much timé deébating the most likely future rather than developing
flexible, robiist stratégiés that can take advantage of fortuitous opportunities
and avoid unexpected difficulties.

We believe that thé differing predictions of the trends facing California
higher education reépreserit real uncertainty about the future that is difficult if
not impossible to résglve: In some cases—such as the sensitivity of student
demand to changes ih tuition—there currently is not enough information to
predict well. In otHet cases—such as the budget priorities of future
legislatures and the impact of information technology on the classroom—the
phenomena involvéd afé inherently unpredictable. Thus, the different
predictions for the flihité of California higher education do not reflect faulty
analysis by one party or another so much as the fact that factors such as future
funding ot demand fér éducation result from an inherently unpredictable set
of future political arid iridividual decisions.

New Analytic Apptroich

This study uses 4 niew approach to make a quantitative assessment of the
various trends facing Célifornia higher education and to suggest the
implications they have for current policy choices. Rather than projecting the
most likely trends; wé examine a large number of plausible scenarios for the

future. We make vistial representations of these scenarios and use these
”landscapes of plausiblé futures” to clarify the key uncertainties facing

1See, for instance; Chép‘fér 6 "Human Judgment about and with Uncertainty” in
Morgan and Henrioh, 1990.
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decision makers; to provide a framework that different stakeholders can use
to débate differinig views of the future, and to edmpare the effects of different
policy choices:

Our ép’pi"tﬁé@h ¢otibings two previously distinct strands of strategic
plannitg methodslogy: Traditional forecasting employs sophisticated models
ahd available guaiititative data to project likely trends. These approaches
provide much rigor bilt have difficulty coping with the uncertainty inherent
i most decisions. Récéfitly, many public and private sector organizations
have begun to ui§é scehidtié-planning techniques, such as those developed by
Royal Dutch Shell and the Global Business Network.2 These approaches help
decisiori makers bring ufiééttainty into their planning and help different
stakeholdets agiee on a framework for discussion. However, scenario-
planhitig as cuttefitly practiced cannot make use of available quantitative
ihformation.

Our new approach, called exploratory modeling (Bankes, 1994, 1993),
embeds quartitative forécasts into scenario-planning. We exploit the new
capabilities provided by wedding information technology (primarily
networked compiitér workstations and powerful desktop graphics) to new
concepts of decision ifiakifig under extreme uncertainty.3 In this study, we
use computer modeéls t6 describe futute enrollinents in the three public
California systéiits 6f highér educatio—University of California (UC),
Californiid State Uhiversity (CSU), and the Community Colleges (CCs); the
revenues availdblé for undergraduate education; the effects of potential
productivity ifiptoveriients; and the impact of potential fee increases. The
quantitative data anid thathematical representations we use in our analysis
are similar arid ifi miany ifistances identical to those used by other analysts.
But rather than ue thése ihodels to make best-estimate projections, we use

2Schwartz (1991) prbvxdes te of the classic descriptions of scenario-planning
thethodologies: His Global Business Network can be found at www.gbn.org. Wack
(1985) proVides a descrlption of Royal Dutch Shells’ developments in scenario-
planning. Dewiir (1993) déscribe assumption-based planning, the RAND-developed
~ Version of thesé methids:

3The field of decision analysis largely deals with situations where uncertainty about
the future can Be charactétized by well-known ptobability distributions.
Exploratory modelifig can address cases of extreme uncertainty where we do not
know the probability disttibutions. Some concepts similar to exploratory modeling
cah be found it the policy region analysis of Watson and Bruede, 1987.
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them as constraints on the range of plausible futures for California higher
education.

This approach is uséful because there is often a great deal of information
about a problem that i§ insufficient for making accurate predictions but is
rionetheless useful for aking decisions. For instance, simple accounting
relationships amorig the flows of students arid money through the higher
education systerri imposé ifnportant constraints on the future. While it may
seem that abandoning a best estimate for a latge set of plausible futures
complicates the decisiori-making problem, the large set of plausible scenarios
represents real and vety useful information. Perhaps surprisingly, when we
trade the question “What is most likely to happen in the future?” for “Which
policy choice deals bést with the uhcertainty we face?” the complexity posed
by an unpredictable future often falls away and reveals a small set of clear
choices.4

This report focuses on the first step in an exploratory modeling analysis,
creating a landscape of plausible futures for California higher education and
using this landscape to identify those uncertainties and trends most salient to
the decision-makers’ choices. In the future, we hope to address the second
step, comparing the performance of a large number of poteritial policy choices
against this landscape to help policymakers choose the best policy consistent
with their risk profile and their own expectations about the future.

Organization of This Report

The riext sectioni of this report summarizes the data and models we use
to describe the Califorriia higher education system. Section 3 presents our
landscapes of plausible futures for California higher education, and Section 4
presents our conclusions: A series of appendices describe the details of our
calculatioris and provide additional results to support the arguments laid out
in the main body of this report.

4Gee for instance, Lempert, Schlesinger, and Bankes, 1996, which uses exploratory
modeling to show that an adaptive strategy dominates the other policy options
currently proposed to address the problem of global climate change.

o 512




3. Asalytic Framework

This section descFibes thé models and data used in our analysis. We
organize this digetissien arbunid four general factors affecting the future of
California higheét edugatiofi: As shown in Figure 1, exogenous trends are
those factors affécting the Hitiite of higher education over which
policyiniakers; iti this €asé the members of the California Roundtable, have
little or 1i6 eoiitrol. Policy 1évers are those factors affecting the future that are
controlled By the policymaker. Measures are ways in which to assess whether
the péffoifi‘ﬁéﬁ&é’ of the highet education system is good or bad. Relationships
are the ways ift Which theé Hiéasures are related to chariges in the levers and
exogerious factors:

Otir stidy fotiises on tiree of the key trends facing California higher
educatiori: (1) inéréasing démand for higher education due to a growing
populatiori atid ificteases ih participation rates among traditionally under-
represented derhegraphlb gtdhps, (2) potentially constrained state funding for
highet education, aid (3) the degree to which productivity improvements can
feasibly offset risihg cests for higher éducation and decreasing revenues.

These faétors are shown 4§ héxagons on the left side on Figure 1.

Exogencus Trernds Policy Lever Measures

Access
Deficit

Bachelor's
Degrees
Awarded

First-Time
Freshmen

Figuré 1==K&y Factors Considered in Our Analysis

Relationships

‘ Féasible \
Productnnty \
lmprbvemenis

s 13



We considet thtée sithplé measures of the performance of the higher
éducation systerh. Shown as ovals on the right side of Figure 1, these aré

o Access deficit: the number of individuals who wish to enroll but
cannot be aééommodated. It is a cléar and widely used measure that
refers diréétly to one of the goals of the Master Plan.

e Bachel6r's dégrees awarded: a rough measure of an output of the
higher ediitation system that has seme importance for society,
recoghizing that California higher education also provides training,
perforiis résearch, and contributes to society in a variety of other
ways. Degtees awarded is also a measure in which California is
currenitly weak. Californid ranks 16th among the states in total
college enrblitnent per capita but 46th in degrees awarded per capita.

e Numbet of first-time freshmen: a useful meastire when time to
graduatiori varies; since lingering uppetclassmen can increase
enrollmerits while réducing an institution’s ability to admit new
studerits:

We conceritrate on onhe policy lever, student fees, which have been a
focus of significant debate in recent years. The division between exogenous
factors and levers is to Some extent a choice of the decision-maker. For
instance, the Rouridtable has some influence over the proportion of state
funds allocated to higher education. It could choose to take actions that might
expand this influehce:. Similarly, the Roundtable could take actions to affect
the feasible levéls of prodictivity improvement in the higher education
system. The choice &f lévers and exogenous factors in this study is mearit as
an initial examinatiofi 6f the range of policy options. In fiiture work, we
hope to expand otir tonsideration to different policy levers, particularly those
associated with iffiptoving productivity.

We consider a variety of relationships that determine how the
exogenous trends arid policy levers affect the measures. We focus on the flow
of students and motiéy through each of California’s three public systems of
higher educatiori==UC, CSU, and the CCs. In brief, students wish to atterid a
public college or univetsity. This demand is influenced by the level of fees.
Each system detérimifies how many students it will admit, based in part on its
capacity as measured by the revenues available per student and by how

714



efficiendy improvemetits affect the revenues required per student. Each
system gains reventiés frot state funds (CCs also get local funds) and from
fees paid by énfolled sHidents. Graduation and advancement rates affect the
number of dégrees awarded and the size of the student population. The
student population, ifi tufti; dffects the revenues each system gains from fees,
the total Fevehues per sHidént, arid the access deficit. In our analysis, we
consider coupled flows amsng all three public California systems.

Thete are, of coiirse, télationships that are not considered here. For
instance, we do 16t éohsider the effect increased fees may have on speeding
the rate at which stiidéfits ddvance through the system. Nonetheless, the
relationships we éonsidét ptovide a solid basis for understanding the impacts
of and interaétions amoig thé trends affecting California higher education.

The remainder 6f this Séction provides an overview of our analytic
framework: The intérésted reader can find full mathematical details in the
appendices-.

Trends in Stident Démand

The first key trefid facing California higher education is an increasing
number of potetitial stiidents: Most observers expect that the demand for
access to Califorfiia higher éducation over the next twenty years will surge,
though there is disagreémeéiit over how many individuals actually will and
shouild seek to be acéoifimodated. In this analysis, we consider four
alternative estithates of thé demand for higher education in California;
togethet they spah thé platisible range of assumptions about the size of what
is often called Tidal Wave I.

We make otit stiffiatés of future demand based on projections of
California's population and using the “participation rate” methodology of
Shires (1996). Followirig Shires; we assume that the demand for higher
educatiori is what thé éfirolithent would be in the absence of financial
constraifits. Weé éstiffiaté tliese unconstrained enrollments in two steps, as
more fully déscribed iti Appendix I. First, we use data on past higher
educatiori entolliients and California demographics to calculate the average
rate at which individuals frot different ethnic, age, and gender cohorts
participate in the UC, €5, and CC systems. Second, we multiply
demographic prejections fot the future size of each cohort by these

15
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participation rates to estiniate enrollments through 2014. As in Shires’ work,
we track the number of students in each class (freshinen, sophomore, junior,
and senior) and the tfarisfers bétween the systems. We augment Shires’
model to include advaticerient and graduation rates, which we use to
estimate the number of seniiors awarded bachelor's degrees each year by UC
and CSU.

Our four altérnative enrollment estimatés are shown in Figure 2. For
each estimate, we calculdte the number of students enrolled in the UC, CSU,
and CC systems each yedr from 1996 through 2014. Each estimate uses a
different set of assumptions about participation rates, but they all use
common projections of California's future demographics: The line labeled
“base” in each frame of Figure 2 shows our enrollment estimates for each
system using the participation rates derived from enrollment data provided
by the California Postsecondary Education Commission (CPEC) and the State
Demographic Units’ data for 1993 through 1995. For the high and low
demand estimates, we use participation rates 20% higher and 20% lower,
respectively, than thosé used for our base estimates. For the highest demand
estimate, we start with participation rates 20% higher than the base values for
each cohort and then fuirther increase the participation rates for the Hispanic
cohort by 4% annually: Currently, Hispanics represent the state's fastest
growing population group and have college participation rates significantly
lower than other gtoups: The highest demand estimate represents a case in
which Hispanics are attendinig college with a participation rate increasing
annually by 4%; chobsefi so that the participation rate for Hispanics in UC at
the end of twenty years is fiearly equal to that of non-Hispanic whites.!

Figure 2 also compares our four alternative enrollment estimates to

projections made by CPEC, the State Department of Finance, and the
University of California:2 While the methodologies to generate these other

! For each altérnative entollment estimate; we report the number of students in each
system, since the data used to calculate the coefficients for equations (4) and (5) are
reported as “headcounts.” To translate our enrollment estimates into aggregated
full-year Full-Time Equivalents (FTEs), multiply the reported values by 0.96 for the
UC system, 0.75 for CSU, and 0.64 for CC. Unless noted otherwise, we report
enrollments in headcount numbers throughout this study.

2 See CPEC, 1995b. UC estimates come from the Planning Group of the University of
California Office of the President.
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Projections from Other Studies

projections diffét frori btr iodel in the way they handle factors such as
studetit flow, adthissioris dssumptions, and definitions of student status, they
are all based on state dermographics, either in terms of total population of
cohorts or in termns of High school graduates of cohorts, which is proportional
to first order: The différénces between the lines in the CC (lower) plot arise
fromi differerices ini the way students are counted; in fact, our numbers agree
closely with CPEC’s Studetit Profiles reported data for the CCs from 1989 to
1994.3 Within thé period 1995 to 2005, for which enrollment projections are
availablé fromn all the sourcés shown here, our baseline enrollment estimate
is in general agréemenit With the other projections.

Other studies havé made different choices—for instance, estimating
participation rates uising 1989 enrollment and demographics data.4 These

3 See “Studerit Profiles; 1995,” CPEC, October 1995, p. 1-11.
4 See, for instance; Shites, 1996.
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differing estimates iiéii'ﬂy reflect real uncertainty about the demand for higher
education among the rigxt generation of Californians. Our alternative
erirollment estimat&s spati the breadth of plausible demand projections
generally put forth fot the future of California higher education.

Ttends in Staté Fuiiding

Besides demogtaphic trends, a second key issue facing California higher
education is the firidficial stipport that will be available from the state
government. UC, €SU, and the CCs draw their income from a variety of
sources, but revenués from the state general fund constitute a substantial
fraction of each systéiti’s furids for undergraduate education. (CCs aré
additionally suppoftad by local property taxes.) From 1970 to 1996, the
fraction of the genétal find allocated to higher education has dropped from
17% to 12% as staté spending on other priorities—particularly corréctions,
héalth, and welfaré=—has increased. There is much disagreement as to
whether this declirie iri state higher education funding will continue into the
future. In our analysis, we consider five alternative estimates of the
allocation of state gefieral fiinds to higher education as a way to span the
plausible range of assumptions about the funds available.

We make our éstimates of future revenues based on data describing the
current sources of fevetues. It is not a straightforward task to determine the
funds allocated to undérgraduate education in each system: each system
receives funds from a variety of soutces, and many types of spending benefit
several missioris within a system. For instance, UC building maintenance
benefits both uhdéfgfaidtiate and graduate education. We thus make the
simplifying assumption that the funds available for undergraduate education
in each system comie from three sources—the state genieral fund, student fees;
and, for the CCs, ptoperty taxes: We estimate the current total general fund
arid property tax allocations to undergraduate higher education by
multiplying CPEC Hata ori 1995 speriding per undergraduate in each system—
$6,809 for UC; $4,734 for CSU; and $3,050 for the CCs (about equally divided
bétween local propérty taxes and the state)—by CPEC’s 1995 enrollment data.
We estimate the cuttént average fees per student in each system from CPEC
data on total enrollinerit and the total revenues from fees. As described in
detail in Appendix II, we then project future general fund and property tax
allocations to highet édtication by assuming they grow at some annual rate.
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We éstithate futiite FeVEnties from fees in each system by multiplying future
fees by bur éstitfiates 6f the fimber of enrolled students. Fees can, of course,
affect the nuhibet of entolied students, as we discuss below. In this analysis,
we fociis only ofi réverities adgociated with the costs of current operations.
We leave the impbrtatit topic of capital costs for future work.

Weé male five altetniative estimates of future allocations for the state
gerietal fund to undergradiiaté education. All five estimates assume that the
Califotriia ecorioiiy; anid this the state general fund, grows at 2.7% annually 5
In otir “optithistic” funditig estimate, we assume, as does the UC Research
and Plarining Dépattinerit; that the fraction of the general fund allocated to
higher éducdtion will féthaifi conistant at its current level, and thus that the
general furid reveniies aliocated to each of the three systems grows at 2.7% per
year: Ifi our two pessifhistie estinates, we assume that a rapidly declining
sharé of the genetal fufid goés to higher education because of increased
speridirig orl corrections; K-12 eduication, and other programs (Shires, 1995;
Cartoll &t al;; 1995); 86 that the nhet general fund revenues allocated to the
three systems deééliri€s By 1% annually. In one of these estimates,
“pessitnistic; with 98;” #We agsume that the CC share of these declining
revenues incteasés because 6f Proposition 98 mandates, so state revenues to
the CCs grow at 1.5% annially while state revenues to UC and CSU decline at
-3.5% annually. In the oHhier pessimistic estimate, “pessimistic, without 98,”
we dssume that staté révefiiés to all three systems decline at -1% annually.
We also include two iritérfiiédiate estimates, “slow growth” and “flat,” which
have general fund alloéatiohs to each of the three systems growing,
respectively, at 1:5% atid 0% annually. These estimates are shown in Figure
3. Noté that only fotir lifiés éan be seen, because the two pessimistic plots
have the same anioifit of tétal dollars allocated to higher education.

For each of our alterfidtive estimates, we assume that property tax
revehues to the CCs grow at 8% per year (Shires, 1996). Note that we do not
considet potéritial changes if federal funding that may affect UC, nor do we
considet property tax réveiiiies that might affect the CCs. We have left these
important topics to futiire work.

5 This is the growth até ptojected by UCLA for the California economy from 1996 to
2005: Wé have extended that prajection to 2014.
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Figure 3—Altefriative Estimates of the State General Funds Allocated to
Higher Education

Affect of Furiding oh Access

The state funding available for higher education may strongly influence
the number of individuals able to obtain a college education. Our earlier
estimates of future demand were based on enrollment projections in the
absence of financial strictures. Now we estimate enrollments under

‘conditions of finaricial constraints and introduce the concept of an access

deficit. We follow Shires (1996) in defining the access deficit as the difference
between the projected, uriconstrairied demand for higher education and the
number of students who could be accommodated at some projected level of
future state funding:

Shires argues that prior to the recession of the early 1990s, funding for
California higher ediication was largely demand driven—the state provided
funding to serve projected enrollments. Since the recession, however,
funding has been budget driven—the state allocates the funds it can afford to
spend on higher educatiori, and each of the systems does what it can with that
allocation. Following Shires, we estimate enrollments in each of our
scenarios using two simple rules for admissions: (1) unconstrained
admissions, in which we allow students to continue to attend each system at
the same rates they have in the past, and (2) constrained admissions, in which
enrollment may be limited so that the level of spending per undergraduate
remains constant in real terms. The unconstrained admissions rule gives
demand-driven enrollmetit estimates, while the constrained admissions rule
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produces estitniatés of budget-driven enrollments. We thus calculate the
access deficit for dhy pafﬁéiﬂéi‘ scenario, as described in detail in Appendix III,
as the differerice Between énrbilments estimated using the unconstrained and
constrairied admission riilés.

Figure 4 shows the atcess deficits for the pessimistic, with 98 and
optimistic estitfiates of futiite state funding to UC (left) and CSU (right). Note
that the accéss deficif is sthall to nonexistent with optimistic levels of
funding, while the péssitiistic funding estimate causes large access deficits in
both systems.

Trends ifi Prodtictivity

Potential ithprovéniénts ifi productivity are the third key trend facing
Califotnia highet eéducatioi: Productivity is a difficult topic for a number for
reasons. In recetit jears, fiany private sector organizations have significantly
improved their petforiiatiée diid reduced their costs through productivity
improverierits. Produttivity ifhprovements should also be possible in the
public sectot; and, ihdeed; thary public sector institutions have made progress
in recent years: Nonetheléss, productivity is often more difficult to measure
and improve iri the publie séctér compared to the private sector, since the
goals of the typical ptibli€ séctor institution and the interests of its
stakeholders are 1ioré diveise than is the case for most private sector
orgariizations. Ih pafticilat, thete is the real danger that attempts to improve
productivity in piiblit ingtifutions of higher education will degenerate into
cost-cutting exeércisés that sacrifice the critical yet more intangible
charactefistits of the institiition, such as the quality of its education.
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Figiire 4-~Efféct of Altéinative Estimates of General Fund (“Optimistic,”
“Flat,” And “Pessifistic,” with 98) on UC and CSU Enrollment

1 23



There are not énough available data and analyses to enable us to
estimate the rate of productivity improvement possible in California higher
education of to recomiiriénd steps the Roundtable should take to improve
productivity. Instead, we explore a large range of assumptions about the
feasible rate of productivity improvements withih California higher
education and exaitiine the consequences of these various assumptions. We
show that assumptions dbout feasible productivity improvements, along with
assurnptioris about futiire state funding, are the key factors affecting the
future of Californid higher education.

Ini his work ofl productivity in public sector institutions, Epstein (1992)
describes two type$§ of productivity improvements: efficiericy and
effectiveness. Efficiency refers to the level and quality of service an
organization can prodiice from a given amount of input resources.
Effectiveness refers to the extent to which an organization meets the needs of
its stakeholders arid customers: Epstein provides two specific ways to
demonistrate productivity improvements that we use in our analysis. First,
an organization can demonstrate a measurable reduction in cost while
maintaining or improving key measures of effectiveness. Second, an
organization can démonstrate a measurable improvement in one or more
key effectiveness indicators without increasing input costs.

I our work, we tdke the graduate and advancement rates as our
admittedly crude rieastres of effectiveness for UC, CSU, and the CCs.
Advancement rates are directly related to average time to graduation, an
important indicator uiséd by UC and CSU to assess their performance;
graduation rates dré directly related to the number of bachelors degrees
awarded, an impoffan‘c factor for both the individual students and the society
at large. As described in detdil in Appendix I, our model uses graduation rates
to estimate the nurber of degrees awarded from our estimates of the number
of seniors, and it uses advancement rates to estimate the number of members
of one class who mmbve on to the next. For our measure of efficiency, we take
the minimum revenues required per student in each system. As described in
detail in Appendicés II arid IV, we use this value to determine the maximum
enrollment, and thiis access deficits, in each system under conditions of
financial constraints.
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We consider five altérnative assuimptions about the feasible rate of
efficiency iniprovemetits iri California higher education: -2%, -1%, 0%, 1%
and 2% anﬁually; Figure 5 shéws UC arid CSU enrollments for the high, low,
and middle valiies iri this rahge. In each of these cases, we hold the
effectiveness, a6 meastired Eiy graduation and advancement rates, constant.
We see that a high raté of éfﬁéiéncy growth reduces the access deficit almost to
zero, while a négative raté of gtowth causes very large access deficits, similar
to those caused by the péssimistic estimate of revenues from the state general
fund (see Figuré 4).

We take oiir pldusible ratige of efficiency improvements from data on
the costs of inpiits to highet education over the last thirty years. The Higher
Education Price Index (HEPI) mieasures the real increase in the price of the
sérvices and goods, such as salaries and equipment, that U.S. higher
education institiitions usé in their operations. Figure 6 shows that the price
of these inputs Has corisistently outpaced inflation in the rest of the economy,
as measured by the Cohsurmier Price Index (CPI), by up to 3% per year. On
average, prices to higher education have risen 1% faster than inflation over
the last ten years. The figures shown here are nationwide averages;
independent data do not exist for California institutions. Our choice of the
range of annual efficienicy ithptovements shown in Figure 5 is somewhat
narrower than the range of vatiation in input prices shown in Figure 6. This
conservative estimate should strengthen our claims that the actual, though
currently urikriéwn, level of feasible efficiency improvements will be one of
the key factors determiining thié future of California higher education.

We also consider five estiinates of the rate of improvement in
effectiveness (éd'vahcé'm‘eht and graduation rates): -0.5%, 0%, 0.5%, 1.0%, and
1.5%. As with éfficiency, few data and analyses are available for estimating
what improvements ate possible. Thus, we base our range of effectiveness
improvement ofi comparisotis of the number of bachelor’s degrees awarded
per enrolled student in différent states. We choose a high estimate (1.5%) of
annual effectivéhess iniproveérient as the rate necessary to achieve a four year
time to degree for nearly all UC cohorts and for a majority of CSU cohorts.
Figure 7 compates the entolliment and nhumber of degrees awarded in 2014 by
CSU for the case of the <0.5% décrease in effectiveness (“low”) and the case of
the 1.5% effectiveéness improvement (“high”). In both cases, we hold
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efficiency coristant. Noté that high effectiveness incteases the total number of
degrees awarded éveri with reduced enrollment (since students flow through
the system faster). Méanwhile, low efficiency produces fewer degrees but
iricreases erirollment by “clégging up” the system with students repeating
grades.

Student Fees and Aid

Increases in studérit feés can increase the revenues available for
undergraduate ediication. Fee increases can also affect potential stiidents’
decisions on whetheér t6 seek a college education. Thus, fees represent an
importarit decision for pélicymakers and have been a topic of much debate in

recent years.

In our analysis; %€ estitiate the impact of fees on enrollment by varying
the participation rates based ori data on the sensitivity of students to changes
in the price of higher édiicatior. As discussed in detail in Appendix I, we use
data comipiled by Kané (1995) of the National Bureau of Economic Research.
Using national data, Karie estitates the effects of tuition increases on
enroliment in systems withifi the same state. He finds that a $1,000 tuition
increase at public fouf=yeéar iiniversities decreases enrollment in four-year
public institutions by 1.2%, ificfeases enrollment at public two-year colleges by
0.5%, and increases efirolliment at private colleges and universities by 0.5%.
Kane also firids that a $1,000 tuition increase at public two-year colleges
decreases enrollment iti two-yéar public colleges by 4.7%, increases
enrollment at public foiif-yéar universities by 1.8%, and increases enrollment
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at private colleges and universities by 0.4%. While Kane’s data are among the
best available, they aré Rardly definitive. Thus, we consider alternative
estimates of the sensitivity 6f student demand to changes in tuition, ranging
from ho senisitivity to a §6RsitHVity three times that measured by Kane.

Ih duf analysis; we tonsider four different policy choices for fee increases
over the next twenty years: 0%; 1%, 2%, and 3% per year. These values are
consistént with the fecommendations of a report (ofteri called the Callan
report) issued By the Califeriia Higher Education Policy Center (1996) that: (1)
fee intreases should not &xe6ed 6%, 5%, and 4% per year at UC, CSU, and the
CCs, fespectively; ahd (2) the state should provide student financial aid equal
to one-third of sHident fée iferéases. Our fee increases reflect the net increase
seeri by the sttident after Hnaficial aid.

Figure 8 shows thé eHeeis 6f a 1% (“Low Fee”) and 3% (“High Fee”)
annual fee ifi¢réase ot UE eArsllment for a scenario with optimistic funding
from the state and low atfiéiehiey improvements. Kane’s data were used for
the sénsitivity of énvollmierts 6 tuition. Note that while fee hikes increase
the revenués peér sttidetit 6t the systems (allowing more students), they
simultaneously priéé sut shidefits through price elasticity (reducing
enroliinent): Overall; the affééts of the fee changes are relatively small
compared to the &ffécts 6f ehaniges in enrollment due to the different
estimatés of staté funidinig f6t higher education.
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3. Landscape of Plausible Fiitures

Up until now, Weé have considered the implications of individual trends,
assumptions, and 1évérs, considered one at a time. Now we create a
“landscape of platisible futures” to show how the interaction of all of these

Funding and Produétivity Trends Are Key

A key conclusiofi 8f this study is that California’s ability to provide
widespread access t6 d ¢ollege education over the next fifteen years is
dominated by two ké} quéstions: How much funding will the state provide
for higher educatiori? How feasible are significant improvements in
productivity? We friake the first part of our argument here, showing that the
future UC access déficit depends strongly on what happens to allocations from
the state general futid and on the feasible levels of irprovements in
efficiency.

Figure 9 shows the UC access deficit in 2014 for twerity-five scenarios,
each with its own sét bf assumptions about the future levels of state funding
for higher educatioti ifi California and about feasible improvements in
efficiency, the first 6f thé two types of productivity improvements we
consider. The figure répresents each scenario with a colored box that shows
the degree of access deficit in 2014 for a particular pait of assumptions about
funding and efficieficy improvemerits. This graph summarizes a large
number of line graphié of the type shown in Section 2: For instance, the boxes
labeled “UC” and “Shiités” in Figure 9 corresporid, respectively, to the
optimistic and pessiifiistic lines in Figure 4.

It is clear from Figiire 9 that UC cannot maintain current levels of access
through 2014 if allocdtions from the state general furid decrease or if efficiency
improvements do riét 6ffset cost increases for the inputs to higher education
(i.e., efficiency does fibt ifriprove at 0% or greater). With the “pessimistic”
allocation of state ftiids; UC can maintain its performance only with very
large increases in effi¢ieticy, and then only if the allocation of state funds is
not subject to Propésition 98 constraints. With Propdsition 98 constraints, UC
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hand, if effieieney improverierits are insufficient for offsetting the cost
incréases fot the ipits t6 Righer education, even the most optimistic genéral
fund scenarios éantist prévent an access deficit at UC.

It is tsefl 8 c6pare éuf results with projections made by others
looking at the fukdre of Califoriia higher education: (1) Shires (1996) of the
California Policy Instittite; (2) Cooperud and Geiser (1996) of the UC Research
and Planiinig Departient ; and (3) California Higher Education Policy Ceriter
(1996). We use Higsé ebttipatisens to make two important points. First, the
comparisons help validaté 6ur tiodel of the California higher education
systéin. Sirice we ean répioduce the results of these other studies, our model
miist be reasenably eofisistént with tHose currently in use. Second, we show
that these different projectiohs are not primarily caused by differences in data
and analytic ihéthiedelbsy. Rather, the differerit projections embody
furidamentaily differérit assiiiptions about the future. It is not currently
possible (hét may it ever be possible) to resolve these differences with
available datd afid mi6dels. Thiis, the divergent projections found in today’s
debate aré té be expeeted and atfe not likely to be resolved anytime soon.

Shires projects & pessitiistic future for California higher education. He
assuities that feal €0sts will teifiain constant with inflation, that state funding
for Higher ediicatibh will top by roughly 1% per year, and that student
demand wrill gr6w by about 25% over the next ten years. As shown in Figure
9, the Shites projeetions ébitespond to our sceriario with “pessimistic, with
98 funding and 16 ehange iR efficiency. Shires bases his pessimistic
assumriptions bt staté Hifidifig for higher education on an analysis of future
demands bri the state buidget: He riotes that 82% of the state budget currently
goes to K=14 edueation (K=12 p’lﬁé the CCs), corrections, and health and
welfare—all dreds that 8 iritréasing (and in some cases are mandated by the
state constitution &r federal government).! As shown in Figure 9, our
analysis agtées with that of Shires: if these trends continue, they will cause
very severe aécess déficits at UC.

1 Ih 1996 féaéréli welfare téform legislation replaced federally mandated welfare
enititletrients With blok grants to the states. It is unclear how this will affect
Califorria’s oveFall welfdre spending over the next twenty years.
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Copperud aiid Geidér have prepared enrollmerit estimates based on what
they see as the bést, Wdtt, arid most likely case allocations from the state
general fund. THhé Worst=case projections are similat to those of Shires: The
most likely case assuines undergraduate enrolliments based on 1995
participation ratés; prodtictivity improvements that keep up with inflation,
and the state adheéfifig 6 its intent (expressed in the Supplemental Report of
the 1994 Budget Aét) td ificreasé annual funding to UC and CSU by the
marginal cost of edufatifig additional enrolled stiudents. These projections
correspond to ot Scéhatio with an optimistic general fund allocation and no
change iri efficiericy. A& Shown in Figure 9, our analysis agrees with the
analyses of the UC plaiitiing office that these trends; if they continue, will
allow UC to avoid §e¥ious access deficits.

The Callah reépott pfoposes a “New Compact for Shared Responsibility”
to enhante oppottiity i California higher education. It advocates
increasing state allocatibiis to higher education as the number of students
grows, but argues that productivity improvements can be used to keep this
funding from rising s fast as the student population. The report suggests a
combination of stratégiss that may allow UC, CSU, and the CCs to provide the
same or higher 1eveis of educationial opportiinity while reducing operating
and capitl costs td tHe state. The strategies aimed at operating costs reduce
these costs by abatit 1% annually, which suggests state funding needs to
increaseé 1.5% annially t6 accommodate the report's projected 2.5% annual
growth in studerit péptlation. Thus, the Callan report projections
corresporid to our §céhdtio with slow gtowth in general fund allocations and
1% annial improvémerits in efficiency. As shown in Figure 9, our estimates
agree with those of the Callan report that, in this patticular scenario, UC
avoids serious access déficits.

Level of Deniand and Féés Are Less Important to Access

We have arguéd that access to California higher education in 2014
depends strongly on $tdté funding and feasible levels of efficiency
improverments. Wé will how show that access is relatively insensitive to two
other factors ofteti at the center of recent policy débates—the demand for
higher education améng students and changes in student fees. In particular,
our analysis suggests thdt: (1) whether or not fees and the level of student
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demand are impartatit depends strongly on trends in state funding and
efficiericy itfiprovemeiits; ahé (2) no plausible dssumptioris about student
demand ot fées éah §avé the situation if either funding or efficiency trends are
adverse.

Figiire 10 shows the UE aécess deficit in 2014 for 100 scenarios, each with
a different sét of assufitptions about future state funding, feasible efficiency
imiprovements, ahid studetit demand for higher education. To examine the
effect of {hiree exdgenous tiefids, the figure adds a third dimension to the two
figure sliows scehiariés With 16w efficiency improvements and pessimistic
génera‘i fund allocatiens: Thé tipper right-hand corner of each panel shows
scenarios with lage efficiéhey improvements atid optimistic general fund
allocations. The féadef cari aléo see how the access deficit varies with the
level of studért deémand by loking down each of the twenty-five columns
the reader) show séefiafios With high student demand; the boxes at the back of
each colimn (those futtiiest from the reader) show scenarios with low
student demiand: Ih €ach ¢6ltimn, the second box from the back is the
scénario as showh it Figtire Y.

Fourteehi 6f the Hwert-five columns in Figure 10 are either all red or all
green. In these stenarios, the level of student demand makes little difference
to the ultimate ctitcee2 Bad situations remain bad and good situations
refnain good; iftdependéiit 6f dssumptions abouit how mahy students seek
adimission t6 UC: HaweveF; in four of the fourteen columns, the access
deficit goes froii simall £ 1afge as the level of student demand increases. In
these cases, student demand significantly impacts the access deficit.

We find siilar Fésuits for student fees. In some cases, fee increases
have a large itipact 8fi d46c8sé deficits, but for most combinations of future
state fiiriding arid &fficiéfiey itiprovements, fees do not have a significant
impact: Rathet than piot Biir dimensions on a single figure, Figure 11 uses
three two-difiierisinal plots t6 shiow access deficits at UC for forty-eight

2The level of studént (i"éﬁid.ﬁt';i tloes change our estimates of the access deficit in these
cases: However, it ldés ndt ehange access enough to cross the numeric thresholds
represented by thie €clofs.
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scenarios with différifig assumiptions about increases in student fees, the level
of student demand; fiitiire state funding; and feasible efficiency
improvements. The top panel shows access deficit as a function of fees and
student demand, a§suifiing slow growth in state furiding and an anhual 1%
increase in efficienéy. The bottom row of this panel, with its three green and
one yellow boxes, éortésponds to the column labeled “A” in Figure 10. This
panel demonstrates that this combination of state funding and efficiency
improvement largely ehsures small access deficits, largely independent of
what happens to féés atid student demand.

In contrast, the riiddle panél shows a situation in which the access
deficit is strongly dépefident on fées and access deficits. This panel shows
access deficit as a funétion of fees and student demand, assuming no growth
in state funding aiid #i6 iricrease in efficiency. The bottom row of this panel,
with its one yellow arid three red boxes, corresponds to the column labeled
”B” in Figure 10:

The third panél sHows a case in which no plausible trend in student
demand nor choice abaiit student fee increases will save a bad situation. This
panel shows access deficit as a function of fees and student demand, assuming
pessimistic levels of state funding and ah annual 1% decrease in efficiency.
The bottom row of this panel corresponds to the column labeled “C” in
Figure 10.

Effectiveness Trends Ate Important to Maintain

We also find that décess at CSU and the CCs in 2014, like access at UC,
depends strongly oh futire state funding and feasible increases in efficiency
and is relatively less sehisitive to assumptions about student demand and
changes in student fees: Figure 12 shows the importance of state funding and
efficiency improverniénts for CSU. However, this figure has a different third
dimension than that tised in Figure 10. Rather than display the relative
insensitivity of aceess déficits to student demand, Figure 12 shows the effects
of feasible improvémérits in effectiveness, our second measure of
productivity. The figure demonstrates that improvements in effectiveness (1)
can have a significant impact on the number of CSU graduates, but (2) cannot
mairitain access when trehds in funding and efficiency improvements are
adverse.
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Figuiré 12 Has two patiels. The upper panel shows the number of degrees
awarded i 2014 at €8U fof 125 scenarios, each with a different set of
assurfiptions abotit the fitiité allocations of state funding for higher
eduication, feasible improvettietits in efficiency, and feasible improvements in
effectivefiess. The léwet paiiél shows the number of first-tithe freshmen
admitted t6 CSU ii 2014 for thé same 125 scenarios. One can read how the
riurhber 6f dégiées awarded aiid the number of first-time freshmen vaty with
ithproveineénts ifi éffectivensss by looking down each of the twenty-five
cohirfins runnifig ifite thé page in the upper and lower panels, respectively.
The Boxes at Hié frorit 6f 8ach column show scenarios with significant
ithproverhénts ifi effeetiveniess; the boxes at the back show scenarios with
ahnual décreases ifi efféetivefiess. In each column, the second box from the
back shows & §ééharid with o ¢hange in effectiveness, similar to the
scenatios we shbwed it Figute 10.

Figure 12 slicws that the fitimber of degrees awarded by CSU in 2014
deperids strorigly oh the 16vel of feasible improvements in effectiveness, as
well ds oh staté fufidinig &llétations and improvements in efficiency. For
instarice, CSU ¢antiot maiittain its production of degrees, even in the most
optimistic funhdifig atd éffiéiéﬁcy improvement scenarios, if its advancement
and gradhatldn tatés di6p b 0.5% annually, as seen in the upper right-hand
cornet of Figitfé 12: This siiggests that ahy increases in efficiency cannot come
at the experisé of the efféctiveness of the institution. Conversely, CSU can
maintain its prodiic¢tion of dégrees in scenarios with weak state funding and
poor efficiéncy ifiproveents; if it is able to increase its advancement and
graduatién rates by 1.5% atiblaally, as seen in the middle of Figure 12.

Effectivensss iniprévéttiénts do not, however, have a significant impact
of actess, as tieasuréd by the umber of first-time freshmen shown in Figure
13.3 Twenty-tiwe of the tivéitty-five columns in this lower panel are all red or
greén: If thésé seéhatios; effectiveness improvements make little difference

3we use flrst-tlme fréshinen father than CSU access deficit as our measure of access
in Figure 12 because mqjtbvements in efficiency actually increase the access deficit.
This i$ becaiié access deficit is a measure of total enrollment, and enrollment drops
as students moVe moré qitiekly through the system, as shown in Figure 7. On the
other hand,; ds fewer uppéftlassmen linger in the system, space becomes available to
admit rioré freshineén: This émphasizes the importance of looking at several metrics
when examining the perforifance of a complicated system.
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to the ultimate otitéémeé: In only thrée columns do improvements in
effectiveness change thé number of freshmen admitted from red to green.
Thus, Figures 12 afid 13 demonstrate that effectiveness improvements can
maintdin the riunibef bf gfaduates produced by CSU even in scenarios where
trends in state fundifig arid efficiency are unfavorable, but that effectiveness
improvements alofie cdfinot maintain access when these other trends are
adverse. We find sithilar results for UC and the CCs.

Differerices Among Systeins

Until how, we have eémphasized the similarities among the UC, CSU,
and CC systerns béc4iisé all three systems respond in fundamentally the same
way to trends in staté fithding, productivity, student demand, and fees.
Nonetheless, there afé ifniportant differences, particularly between the CCs
and the other two syStefms: Figure 13 shows the access deficit in 2014 at the
CCs for 100 scenarioé, éach with a different set of assumptions about state
funding; efficiency ifnptovements, and student demand. This figure is
analogous to Figure 10 for UC.

Figure 14 deniofistrates that access to the CCs; like access to UC and CSU,
depends strongly &n thé feasible improvements in efficiency. However,
access to the CCs depéntls somewhat less strongly on state funding allocations
and more strongly ofi stident demand than is the case for UC or CSU. The
CCs aré more sensitiVe t0 demand because they draw from a much larger
spectrum of potential stiidents (both part and full time), many of whom
technically repeat grades tore frequeritly than their UC and CSU
counterparts. Figuré 14 shows this enhanced dependence on demand—in
eight of the twenty-fivé éolumris (compared to four in Figure 10), increased
demand changes the atééss deficit from green to red.

The CCs are lés§ sénsitive to state general fund allocation because nearly
half of their réventie comes from local property taxes. Figure 13 shows this
relative insensitivity to state funding allocation—in scenarios with no change
in efficiency and basélifie student demand, the CCs can maintain access
deficits srnaller than 25% even in the most pessimistic funding scenarios. In
such scenarios;, UC ahd CSU have access deficits greater than 25%. In
additioh, note that the CCs fare better with the “pessimistic, with 98” funding
allocation thani with the “pessimistic, no 98” allocation, while the two other
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systems faré sighificanitly beéttet with the latter. This result stems from the fact
that Proposition 98 tiafidatés a certain percentage of the state general fund to
K-14 education, thiis tlii‘\iéffﬁig funds to the CCs at the expense of UC and
CsUu.
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4. Conclusions

Theseé laridscapés of plausible futures show how the interrelationship of
key trends—growing demand for higher education, increasing competition
future of Califorriia highér education. We show that the last two trends
dominate the quéstich of access. The state must mairitain or increase general
fund allocations to higher education or make large productivity
improvements in the higher education sector if it is to avoid very large access
deficits. Accurate prédictions of future demand 4nd decisions about the level
of student fees can bé important in determining whether there will be access
deficits if the systemn is on the cusp of serious trouible. However, if either
productivity or genetil fund allocations fall toward one of the pessimistic
scenarios, fees and participation rates will be largely irrelévant to
understanding or solvihg the problem of access. California can maintain its
current rates of awardihg bachelor’s degrees in the face of pessimistic funding
scenarios if graduate rates increase toward levels currently found in other
states. However, such iriprovements will not address problems of access.

This study also stfesses the large uncertaintiés facing the future of
California higher ediication. In our view, these uncertainties are real and a
fundamental part of thé problem facing the Rouridtable and other
decisionmakers ¢oncéified with higher education: The lahdscapes of
plausible futures are rélatively insensitive to assumptions about the
participation rate becatisé our uncertainty in the future demand for education
is bounded by dethographics. All the members of the class of 2014 are alive
education is caught ifi the middle of long-standing, powerful, and conflicting
trends. The public résists growth in total government spending at a time
when spending ofi social services and corrections, also driven in part by
dernographics; continués to grow. Every funding scenario we show in our
landscapes, from the most optimistic to the most pessimistic, requires that at
least one long-standitig trend be broken.
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Sithilatly, over the 1ast twenty years many institutions throughout U.S.
society have prospered by Sighificantly changing their organizations and their
uses of techirivlogy so as o achieve significant improvements in their cost
structutés atid the effeétiveness with which they perform their missions.
Othiers have riot prospered; because they have not made such changes, have
made the wrorig cHanges, 6t have implemented changes poorly. Higher
education is ¢leafly differéit ffom the profit-making, private sector
institutidns that provide ost of the examples of significant productivity
increases: Nonetheless; the présent time is fluid enough that the range of
productivity iricréases s8H6WH ifi our landscapes seems a fair representation of
the uhéeértaitity aé t8 what ifiprovements may be possible.

Largé uincértainty is it a bar to effective decision making. Managers
routinely craft fléxible; fobust strategies that can take advantage of a wide
variety of 6pportifiities whilée avoiding the serious consequences of a wide
variety of vicissitiidés: However, the first step in crafting such a strategy is to
pay suifficiétit attéiitiofi to the key uncertainties about the future. The debate
over thé futute 6f Califéirfiia higher education too often seems to shy away
from addressirig the ¢éiitral issties. It is not unreasonable to debate fees and
projections of fiituté demand; however, doing so makes implicit assumptions
about fitiire state hinding ahd productivity improvemerits.

Overall, the futufé of California higher education rests on two questions:
Can the state readjust its Finaticial commitments in order to maintain current
funding levels fot higher edii¢ation? and Can the higher education system
imprové its prodiietivity sigtiificantly faster than it has over the last thirty
years?
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Appendix I
Madaling Enrollment and Degrees

Iri this appendix; we desétibe the details of the enrollment model used to
genetaté the réstilts given ifi Béctions 2 and 3. Our model builds on the
“participation fate” hethodolsgy used by Michael Shires [Shires, 1996], which
is based on thé demogtaphics of California’s general population. Like Shires,
we dratw upon this pepulatioi to model the number of first time freshmen
(FTF) ifi UC, €5U; and the Cémmunity Colleges broken down into different
ethnic; age, and g@ﬁdéf éohoits. Then, we model the flow of each cohort of
admitted studénts between systems and classes (freshmen, sophomore,
junior; and sénieét); #5 SHown on Figure A.1. Unlike Shires, we also consider
the effeét of sttidefits Who fépéat classes and dropout; we also estimate the
number of bachelor’s degieés granted from the number of seniors in UC and
CSU; itieludiiig thoge studenits who had transferred from Community
Colleges. Beldw, we will discuss these steps in more detail.

Calculation of Freshinian Efitéllinent

We model the niutriber of first-time freshman of a given ethnicity,

gender; afid age a8
FTF (systei; éthnicity, gender,age, xt, year)
= Deniag{éifihicity, gender, age, year) (A1)
* éPRT (system, ethnicity, gender,age, xt,year)

whete Bemogléthiicity, gendér,age, year) is the projected populatior in California of
a given ethhiéity; gerider, afid age cohort in a given year;' the participation rate
cPRT(systéii; étﬁﬁiéi@;@éﬁdér; age,xt,year) represents the fraction of each
popuilation éokott that beédines freshmen in each (UC, CSU, or CC) system each
year; atid x¢ indexes full=fiffie vs. part-time status. In the unconstrained
admissions case; the full filmiber of first time freshmen calculated above is

10thet grotips have ised pidjected high-schiool graduates as the baselirie
inpiit;besidés factoritig an assuimed coefficient for high-school graduation rate, these
two hethiods should be éqtiivalent.
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Figure A.1—Student Admissions and Flows

assumed to be admitteéd into the various systems. In the constrained admissions
case, only a subsét of this calculated number is assumed to be admitted; this
process is described ih detail in Appendix II.

We take Demog(éthnicity, gender,age, year) from population projections for
each of one hundréd cohorts® provided by the State Demographic Research
Unit. We estimate participation rates from California Postsecondary
Education Commission (CPEC) data on the number of first time freshmen
from 1993 to 1995 in thé UC, CSU and CC systems.> We parse this data to
generate historical populations of first time freshmen broken down into the

2 In our model, the state’s population is broken down into one hundred cohorts of
ethinicity (Asian, Black, Hispanic, White, and Other), gender (male and female), and
age group (10 categbnes ranging from 0 to 99+ years old).

3 Unless otherwise stated all historical student data for the state were obtained from
CPEC data files. Althotigh CPEC has data going further back than 1993 we have
averaged over otily the last thrée years of data,
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cohorts listed above! We thén uise demographic data for each cohort from
1993 to 1995 tb find the avérage participation rate:

¢PRT (systetii; éthniéity, gender, age, xt)
1 & FTF(system,ethnicity, gender, age, xt, year) (A2)

3 jercioss Demog’(ethnic’ity, gender,age,year)

Following Shires, weé tise the value for the first time freshmen (from
eqiiation Al) to ¢alciilaté the total number of enrolled freshmen as
FRS(sys; year) = FTE(sys, year)

- A3
+€HLD, (sys) * FRS(sys, year 1)+ TRF, (sys) "

where cHLD, (§y5) is the pércetitage of freshman in each system who repeat
their freshran yea¥ and CTRFl (5ys) is the number of students from other
systeins who transfer iri as freshmen. We assume these coefficients remain
constant ovet tiffie afid éstiffiate them using CPEC data (1) on the enrollment
for each systéin by class, ethiicity, gender, full/part-time status, and year; (2)
thé numbef of tfahsférs between systems by source systein, destination
system, class; étiiﬁiéit’ﬁy’, gé'riﬂ"e'f, full/ part-time status, and year; and (3) the
number of first time freshiiiéh by system, ethnicity, full/part-time status, and
year:

Cilculation 6f Sephémore; junior, and Senior Enrollment
Arndlogously to the fréshimen class, we write the number of students
entolled as éb"ﬁ)}ibiﬁdfés’; jufiiors, and seniors in each system as
SPH (5ys, yedr) = 6ADV; (8y5) * FRS(sys, year —1)
+ éHLD, (sys) * SPH(sys, year — 1) + cTRF, (sys)

JNR(5y5,; yedr) = eADV; (8ys) * SPH(sys, year ~ 1)
+cHLD, (sys) * JNR(sys, year —1) + cTRF, (sys) ~ (A4)

SNR(sys, yea¥) = ¢ADV, ($ys) * JNR(sys, year —1)
+ éHLD, (sys) * SNR(sys, year —1) + cTRF  (sys)

4Actually; the otigindl datd ks First-Time Freshmen broken into cohorts of ethnicity,
gender, full/part-tine Statlis, and year. In order to assign an age distribution, we
use the age distribtition of the entire Freshman class (which includes transfers and
holdovers fromi previous years, which thus slightly skews the age higher).

e 339




where the first tefth 6f the right of each equation is the number of students
that advanced into that €lass from a lower class, the second term is the
number that refiiainéd ifi the same class from the previous year, and the
third term is the niuifibér that transferred into that class from andther system.
Unfortunately, we cdfifiét calculate the advancement and holdover rate
coefficients directly, Béédiise the existing data does not distinguish members of
a class (e:g. soph6moies) advancing from the previous class (e.g. freshman)
from members of that ¢éldss held over from the previous year (e.g: studénts
who repeat their $6phibitiore year); there is no data on “first-time”
sophomores. Weé ¢ari; However, estimate these coefficients indirectly, as
described below:
Shires writés thé fitimber of enrolled sophomores, juniors, and seniors
as
SPH(sys, year) = ¢éADV,' (sys)* FRS(sys,year —1)+ cTRF, (sys)
JNR(sys, yédr) = 6ADV ' (sys)* SPH(sys,year —1)+ cTRF,(sys) . (A5)
SNR(sys, year) = eADV,' (sys)* JNR(sys,year — 1)+ cTRF,(sys)
Shires estimates his efféétive advancement rates, cADV" (sys) , for the years
with available datd; 4§ thé ratio between two adjacent classes. Using this
general method, we fifid; for instance,
i ©s SPH(sys,year)— cTRF,(sys)

CADV '(5y§) == ) .
(%) 3',:&&,2::’993 FRS(sys,year—1)

, (A6)

where the summatioh i§ tised to average over three years. Similar ratios give
cADV,' (sys) and cADV; (sys): Historically, these ratio are relatively stable
over time.
We can now coitibirie equations (A4) and (A5) to relate cADV’ to cADV
and cHLD. The equaticiis for the sophomore class give
cADV, (sys) * FRS‘ (sVs, year —1) + cHLD, (sys) * SPH(sys, year — 1) a”
= cADV,' (5¥§) * FRS(sys,year —1) '
and similarly for thé jiihior and senior classes.
We can get a seconid equation for cADV (sys) and cHLD, (sys) by
noting that in any givéf €ohort of any given class, the students must éither: i)
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remairi in the saimé ¢lass; i) advance to the next class, or iii) drop out or
transfer to another system. Thus

cADV  (sys)+ cHLD, (5ys)+ cDRP,(sys)=1 , (A8)
where cDRP, (sys) téféts to stiidents leaving by dropping out or transferring.

Weé cah now §olve for CADV,l (sys) and cHLD,(sys) using equations
(A7) and (A8). We cah use dfb‘p out and transfer-out data for the UC and CSU
systems availablé ifi the formi of life-tables which track cohorts of students on
a year-by-year basis (tather that grade-by-grade). While these data are not
necessarily 'éqiii\)‘éiérif ifi ¢hafacter with the enrollment data (which track
students by grades), theé fact that we are mostly focusing on those students
who stay within the ystens rather than those who leave makes this analysis
fairly insensitive to the details of the drop out rate. Not surprisingly, the
enrollment predic¢tions obtaiied using this method agree fairly closely with
the results obtained by Shires:

For the Community Colleges, we calculate enrollments using Shires’
equations (A5), becauise instifficient data is available to reliably calculate the
coefficients for eguations {A4): Furthermore, we set the advancement and
transfer rates for the junior afid senior classes to zero, since these classes do
not exist in thé CCs: We tréit transfers from the Community Colleges to the
freshinen, sophoinore, afid jufiior classes at UC and CSU in the same way as
we tredt transfer bétween the four-year systems. However, we assume
Commuriity College tratisfers going into the UC and CSU senior class come
from the CC sophomoré class; rather than from a non-existent junior class.
Transfers from the CCs aré tréated as a distinct cohort as they progress
through the UC 4nd CStJ systems.

Calculation of Dégteés Awarded
We calculaté the nhitiiibef of bachelor's degrees awarded each year by the
University of Califoritia and California State Universities as
Degrees(§y5; yeii) = €GRAD(sys) * SNR(sys, year —1) (A9)
where ¢cGRAD($y5) is the graduation rate for each system, broken down into
the various studént cohorts efiumerated above. We use 1993 to 1995 data for
the ratios of the ntimber 6f dégrees awarded divided by the number of seniors
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to calculate cGRA-D(SjiE) 5 The available data also specify the number of
degrees awarded to stiidents who had transferred from the Community
Colleges.® Because we track those transfer students separately, we can also
project the number of bachelor degrees awarded to CC students who
eventually transfef into UC or CSU.

5 Thiese data may be obtained at the CPEC website.
6 From 1993 to 1995; néarly a quarter of all degrees awarded by UC went to such
transfers, with nearly one half for CSU.
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Appendix I
Détaiis on Admission Criteria

Constrained Adiiissions

Appendix I spécifies ttie détails of the erirollment model for the case of
simple unconstraitied ddiissionis, using equation (A4) for UC and CSU and
using equdtion (AS5) for the Community Colleges. For the case of constrained
admissions, we assiime that the constrained system limits its admissions each
year such that the réveéniiés per student remains greater than or equal to the
1995 valiies. Thiis; We wité this constraint as
Revenues(sys, year) (A10)
Revenues(sys,1995)

Enroliment(sys, yedr) & Enrollment(sys,1995)*
where RévehuéS(S}?S;y'ear) are the revenues for undergraduate education in
each system estimatéd as déséribed in the next section. We assume that a
system adinits the faxiniuth number of students each year such that the total
enrollment satisfiés eqiiation (A10). If revenues are sufficiently large, the
system ean admit all the students who wish to become first-time freshmen, as
in equation (Al). If révetiués are insufficient, equation (A10) becomes the
binding constraint and wé €alcuilate the number of first-time freshmen
admitted ifefa’ti"v'éi‘y; sinceé thé reveriues depend on the number of student
enrolled through the studert feés.

In any given scenario, we can set the admissions criteria, constrained or
unconsttrained; individually féi 8ach system. Because of transfers, the
admissions criteria at oné systern will affect the enrollment at another.

Figure A.2 compate$ érirbllfrient at CSU and revenues per undergraduate in
the cases of coristraihed and unconstrained admissions for the slow-growth
scenario for the staté genérdl fund revenues to higher education. Note that
unconstrairied ddthigsiéns resilts in larger enrollments than the
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constrained case biit 16Wer revenues available per student.! With
unconstrained adniissiéns; alternative assumptions about the allocation of
state general funds to higher education has o effect on enrollment, as seen
in comparison with Figiite 4, though it can have a large impact on revenues
per student. For cénstiained admissions, increased state fundirig increases
enrollment by raisifig the number of dollars available for undergraduate
education.

Effect of Studént Fée Changes
In addition to fifigti¢ial constraints, admissions of first time freshmen
can also be modified b3 changes in the student fee. Changes in student fees
can affect potential shudernts’ decisions whether or not to enroll in the UC,
CSU, arid CC systems: We calculate the admission of first-time freshmen in
each system as a funhction of the fees by re-writing Eq. (A1) as
FTF (sys, ethnicity, geiider,age, xt, year) =
Demog(ethnicity; gender,age,year) (A11)
* cPRT (sys; éthnicity, gender, age, xt, year) * ePRC(sys, fees),
where ePRC(sys; feés) is the elasticity of demand for a given system based
on the fees in all systetitis (to allow for both self- and cross-elasticities).

1 The apparent d‘ééfééié"év in revenues per student in the constrained case arises from
the fact that the modeled revenues per student increases from 1995 to 2000; the
subsequent declihié riérely returns this value to the 1995 level by 2014.
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We estithate thesé élasticities from data compiled by Tom Kane of the
National Buteau 6f Econémi€¢ Research. Kane estimates the effects tuition
iricreases 6ni enrollient ih systems within the same state (based on national
data). His prelitiiinaty fifidings indicate that:

o The effect of 4 $1000 (in 1991 $) increase in public 2 year tuition is:
A dectease if public 2 year enrollment of 4.7%
Afi inctéasé in public 4 year enrollment of 1.8%
Ani inctease private enrollmert by 0.4%

o The effect of 4 $1000 (in 1991 $) increase in public 4 year tuition is:
Ari inéréasé in public 2 year ehrollment of 0.5%
A decréase iri public 4 year enrollment of 1.2%
Ani inctease ptivate enrollmerit by 0.5%

In out model, we wiité these relationships as
ePRC(sys1; UCfeés, CSUfees, CCCfees) =
[1[1+ K - ¢ELS(sys1, sys2)-1000 - A(sys2)]

svs2

(A12)

where the product i ovet th'e" three types of systems, sys2 = UC,CSU,CC;
A(sys2) = Fee(sy52,yeir) =Fee(sys2;year —1) gives the year to year
change in the sttderit fees at various systems; K is a simple constant; and
cELS (sysl,sySZ) i§ the 8elf 6t cross-elasticity for demand at system 1 due to
fee changes at systéil 2 given by Kane. For instance, the effect on Community
College eriroilméiit due t6 & $1000 increase in Community College tuition is
cELS(CC,CC) =:047: Theté is little agreement about the value of price
elasticities within tHe édiication community; values ranging from -0.74 to
+0.41 have been ¢itéd:2 We thiis consider three alternative values for the
constant K, K = 0; 1, and 8. We also consider four alternative estimates of fee
increases: 0%; 1%, 2%, afil 3% per year. Some of the results of this modeling
is showri in Figuité 8. Ih géneral, fees had only a small effect on enrollment
even with K = 3.

2Larry L. Léslie atid Paui T. Brinkiman, “Student Price Response in Higher Education:
The Student Deimand Sthdles “ Journal of Higher Education, Vol. 58, No. 2,
March/ April 1987; pp: 181-204.
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Appendix ITI
Deétails of Revenues to Education

Iri Section 2, Wwe éohsidered the inmipact of state general fund allocations as
revenues into thé varfiéiis systeins. In this appendix, we consider system
fevenues in mbre détail.

We write the revéfiues available for undergraduate education in each of
California’s piiblic systéms 6f higher education as the sum of finds given
directly to each systemi froii the state and local government, as well as the
funds given t6 each systein by éach attending student in the form of fees.
Thus ;

Revenués(sys, yédr) = State(sys, year) + Local(sys, year)

e e ‘ (A11)
+ Fee(sys; véar)* Enroll(sys, year)

The state funds ificliidé ontributions from the general fund, lottery
revenues, and 8thér state sgurces: The local reveriues, only applicable for the
community collegés, coté froti property taxes. In our study, we assume that
these state dnd 16¢al cohittibiitions are independent of the number of stiudents
attending each systeth. On the other hand, the revenue each system gains
from fees is propottional t6 thé number of students enrolled. This fees term
includes fees paid directly by the student as well as any financial aid which
flows to the systéri vid it§ éritolled students. In this analysis we focus only on
reveniues associated with the costs of current operations: We leave the
important topi¢ 6f capital ¢osts for future work.

The state arid local fifiding for each systern each year is written as

State(sys, yéar) = Sicite(sys,1995) * [1 + GrowState(sys)| ™"
(A12)
Local(year) = L6cil(1995) *[1+ GrowLocal]* ™™
where State(sys;1995) and Locdl(1995) are the state and local contribution
in 1995 and GmwState(sVs) and GrowLocal are the growth rates describing
how the funding chahgés éver time. All three systems get state funding; only
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the Community Coélléges have support from local property taxes. In 1995, the
University of Califétriia spent an average of $6,809 in state funds for each of
the 153,571 full-timié éqﬁivale’ht studerits enrolled. Thus we take
State(UC,1995) = §§1; 045,665,000 . Similaﬂy, the California State University
spent an average of $4,784 in state funds to eéducate each of 252,000 full-time
equivalent students; §0 that State(CSU,1995) = $1,192,968,000. In 1995, the
Commuriity Collegés speént an average of $3,050 of state and local funds to
educate 858,606 full-timie équiValent students, with about half of these funds
from property taxes; §o that State(CC,1995) = $1,434,681,000 and
Local(1995) = $1,184,067,000 . Dividing CPEC values for total revenues
from fees by total FTE éntollments in each system gives values for average fee
per student as Fe¢(UC;1995) = $3,800, Fee(CSU,1995)=$1,850, and
Fee(CC,1995) = $200 -
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AppendixIV
Détiils on Productivity

It this apperidix, we Will consider in further detail how productivity
measiires are iiséd and maniptilated in our model. In one of his definitions
of productivity; Epsteifi (1992) defines productivity improvement as a
meastirable réducticti in €65t While maintaining or improving key measures
of effectiveriess: To address this measure in our simulations, we take the
graduation afd ddvaniéenerit fates for each system in equations (A4) and (A9)
as our key riéasutés of éfféétiveness. We definie an annual rate of
prodiictivity iffipfovetfierit p; as the rate at which the minimum revenues
needed pet stiidéfit ¢dfi dééréase while the graduation and advancement rates
remain unaffécted. We thus fe-write equation (A10) for the maximum
enroliment fot eath systétt ifi the constrained admissions case as

Year-1995
1+ HEPI ) .

Envollmeii(sys, yeur)
1+ HEPI + p,
(A13)

Enroliment(sys, 1995) » Revenues(sys, year)

Revenues(sys,1995)

Note that we haveé defined the productivity p, relative to HEP], so that a
productivity iffiproveifiént 6f p, =0 means that the number of dollars
necessary for éach systéh t6 educate an undergraduate just keeps pace with
inflation.’

Figlire 5 iti Séctish 2 ¢omipares UC and CSU enrollments for p, = —2%
annually (“Low Efficieficy”), p, = 0% (“Flat Efficiency”), and p, = 2% (“High
Efficiency”) efficiéricy in¢rédse in the constrained admissions case, assuming
the Optitnisti¢ §cenatit for the state general fund revenues. For comparison,
enrollmeénts iitidet thé uiéoristrained admissions case is also presented. We
see that & high tate of prodiictivity growth reduces the access deficit almost to

1In fact, this niethod réliés én average costs. A similar method can be used to
perform this atialy$is with marginal costs, with some fixed (not proportional to
student body) amdiifit of tévenues subtracted off the total.
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zero while a hegativé rate of growth causes very large access deficits, similar
to the sithiation of thé Pessimistic estimate of revenues from the state general
fund.

In a second definition, Epstein defines productivity immiprovement as a
measurable improveifient in some key measure of effectiveness while
maintaining or reduéing costs. To address this measure in our simulations,
we use eithetr unconstrairied admissions or constrained admissions with
D, =0%, and definé an annual rate of productivity improvement p, as the
rate at which advandement and graduation rates increase, applied to all the
cohorts.> Thus,

Year~1995

cAVD, (sys,yéar)=cADV (sys)*{1+p
( ) [ : ] Year-1995 ° (A14)

c¢GRD, (sys, yéar) = cGRD, (sys) *[1+ p, ]

Figure 7 in Section 3 shows the effect of variations in the advancement and
graduation rates on énrollments and degrees awarded by the CSU. Similar
results were seen for UC, though the differences between low and high
efficiencies were not as great (since advancement and graduation rates are
higher for UC, thete is less room for improvement).

2However, values f6t cADV and cGRD are capped with a maximum value of 1.0.
These rates are applied to Community College students mainly in terms of the
progress of CC trarisfers through the other two systems.
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